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Specification 

Radio Control Device, Radio Communication System Using 
the Same, and Operation Control Method Thereof 

5 Background of Invention ^ 
The present invention relates to a radio 
control device, a radio communication system using the 
same, and an operation control method thereof and, more 
particularly, to a radio control device (RNC: Radio 

10 Network Controller) in a W-CDMA cellular type radio 
communication system. 

Fig. 10 shows the architecture of a W-CDMA 
communication system as a mobile communication system. 
A radio access network (RAN) 1 includes radio control 

15 devices (RNCs) 4 and 5 and Nodes B 6 to 9, and is 
connected to a core network (CN) 3 as an exchange 
network via an Iu interface. The Nodes B 6 to 9 mean 
logical nodes which perform radio transmission and 
reception, and are more specifically radio base 

20 stations . 

Interfaces between Nodes B and the RNCs are 
called Iubs, and an Iur interface is also defined as an 
interface between the RNCs. Each Node B forms a radio 
area 10 including one or a plurality of cells, and is 
25 connected to a mobile device (UE) 2 via a radio 

interface Uu. The Nodes B terminate radio channels, and 
the RNCs manage Nodes B and select and synthesize radio 
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paths upon software handover. Details of the 
architecture shown in Fig. 10 are defined in 3GPP (3rd 
Generation Partnership Projects) and specified in 
"W-CDMA Mobile Communication Method" (published in 2001 
5 by Maruzen, edited by Keiji Tachikawa, pp. 96 - 106) . 

Fig. 11 shows the protocol architecture of the 
radio interface in the W-CDMA communication system shown 
in Fig. 10. As shown in Fig. 11, this protocol 
architecture is made up of three protocol layers, i.e., 

10 a physical layer (PHY) 11 indicated by LI, a data link 
layer 12 indicated by L2, and a network layer (RRC: 
Radio Resource Control) 13 positioned above the data 
link layer 12 and indicated by L3. The data link layer 
L2 includes two sublayers, i.e., MAC (Media Access 

15 Control) 121 and RLC (Radio Link Control) 122. 

Ellipses in Fig. 11 indicate service access 
points (SAPs) between the layers or sublayers, and SAPs 
between the RLC 122 and MAC 121 provide logical 
channels. That is, the logical channels are channels 

20 provided from the MAC 121 to the RLC 122, classified in 
accordance with the functions or logical characteristics 
of transmission signals, and characterized by the 
contents of information to be transferred. Examples of 
this logical channel are a CCCH (Common Control Channel) 

25 and PCCH (Paging Control Channel) as common channels, 
and a DCCH (Dedicated Control Channel) and DTCH 
(Dedicated Traffic Channel) as dedicated channels. 
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An SAP between the MAC 121 and physical layer 
11 provides a transport channel. That is, the transport 
channel is a channel provided from the physical layer 11 
to the MAC 121, classified in accordance with the form 
5 of transmission, and characterized in accordance with 
what information is transferred by what method via the 
radio interface. Examples of this transport channel are 
an FACH (Forward Access Channel) , RACH (Random Access 
Channel), PCH (Paging Channel), and DCH (Dedicated 
10 Channel) - 

The physical layer 11 and data link layer 12 
are controlled by the network layer (RRC) 13 via a C-SAP 
which provides a control channel. Details of this 
protocol architecture shown in Fig. 11 are defined in 

15 ARIBSTD-T36-25. 301v. 3. 8. 

In a general communication system, a 
communication protocol and its protocol message transfer 
function are called a control plane (C-Plane) , and a 
user data transfer function is called a user plane 

20 (U-Plane) . 

In the conventional RNC, the C-Plane (mainly 
the RRC) and the U-Plane (mainly the RLC and MAC) form a 
physically integrated device. The conventional RNC in 
which the C-Plane and U-Plane are thus integrated has 
25 the following problems. 

First, it is difficult to improve the 
processing capability of the C-plane, when necessary, 
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without any influence on the U-Plane. Second, it is 
difficult to improve the processing capability of the 
U-Plane, when necessary, without any influence on the 
C-Plane. Third, when an overload is applied on the 
5 C-Plane, the U-Plane may also be influenced by the 

overload. Fourth, when an overload is applied on the 
U-Plane, the C-Plane may also be influenced by the 
overload . 

To solve these problems, C-U separation 

10 (separation between the C-plane and U-Plane) by the RNC 
is possible. The following merits may be obtained by 
this method. That is, the expandability improves 
because the C-plane and U-plane can develop 
independently of each other, and the flexibility 

15 improves because different loads on the C-plane and 
U-plane can be flexibly controlled. 

To perform C-U separation by the RNC, the 
device is not simply divided, but it is necessary to 
exert no influence on the existing interfaces (e.g., 

20 Iub, lu, and Uu) . It is also necessary to perform 

optimum separation which minimizes the signal amount 
between C and U. 

A paging signal in the WCDMA system is 
transmitted to a specific UE by the RNC. Paging signal 

25 processing is activated by a trigger which is the 
reception of a report, from the CN to the RNC, 
indicating that user data addressed to a specific UE has 
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arrived (or an incoming call has arrived) . The paging 
signal includes a paging message. The paging signal has 
an attached signal, and the UE receives this attached 
signal and determines whether to receive the paging 
5 signal. A paging identifier PI (Paging Indication) is 
carried on the attached signal. The paging identifier 
PI corresponds to a plurality of UEs (IMSI: 
International Mobile Subscriber Identify) . 

More specifically, in a radio channel between 

10 the Node B and UE, the paging signal is mapped in an 
S-CCPCH (Secondary-Common Control Channel) which is a 
downstream common channel. A signal attached to this 
signal is a PICH (Paging Indication Channel) which is a 
signal for transmitting the presence/absence of incoming 

15 call information with respect to each paging group 
(called party group) . When a UE which belongs to a 
certain paging group #n is notified by this PICH that an 
incoming call to the paging group #n has arrived, this 
UE receives a PCH (Paging Channel) in a corresponding 

20 radio frame mapped in the S-CCPCH. 

The UE having received this PCH paging signal 
checks whether the paging message contains the terminal 
number of the UE, and, if the terminal number of the UE 
is contained, recognizes that user data addressed to the 

25 UE has arrived (or an incoming call has arrived) . 

Identifiers of a plurality of UEs (IMSI) can be carried 
on the paging message. Therefore, even when a plurality 
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of CNs simultaneously report the reception of incoming 
calls, these reports can be multiplexed in one paging 
message. The whole paging message signal amount can be 
reduced by this multiplexing. 
5 The RNC must create a paging message 

containing an appropriate terminal number. The paging 
message is transmitted at a certain specific timing. If 
the UE knows this timing, it need not always wait for a 
paging signal, so the power can be saved. A state in 

10 which the UE is thus waiting for a paging signal is 

called a standby state. The UE receives a paging signal 
in this standby state. If the number of times of 
repetitive transmission of a paging signal is increased, 
the probability that the UE receives the paging signal 

15 increases. However, downstream radio resources are 
wasted . 

The RNC calculates the transmission timing of 
a paging signal to a certain UE, and notifies Node B of 
the calculation result. The contents notified to Node B 

20 are information necessary to generate a signal (PICH) to 
be attached to the paging signal, and the transmission 
timing of the paging signal. The RNC must designate the 
timing at which Node B transmits the paging signal (the 
signal attached to the paging signal) . Also, the RNC 

25 must transmit a necessary signal to Node B before this 

transmission timing. In addition, the RNC must decide a 
paging identifier PI as the information necessary to 
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generate the signal to be attached to the paging signal. 

When the UE is in the standby state, the RNC 
does not know the accurate position of the terminal. 
Accordingly, the paging signal is transmitted to a 
5 certain wide area. This area is called a paging area. 
If the paging area is widened, the probability that the 
UE receives the paging signal increases. However, 
downstream radio resources are wasted. The RNC must 
select an appropriate paging area, and instruct Nodes B 

10 included in the area to transmit paging signals. 

When C-U separation which is separation 
between the C-plane and U-Plane is to be performed in 
the RNC which implements the paging system as described 
above, it is necessary to determine how to transmit a 

15 paging signal from the C-plane to a terminal. As 

described above, the necessary conditions of this C-U 
separation are that the existing interfaces (e.g., Iub, 
Iu, and Uu) are not affected and the signal amount 
between C and U is minimized. 

20 Summary of Invention 

The present invention has been made to solve 
the above problems, and has as its object to provide a 
radio control device, a mobile communication system 
using the same, and an operation control method thereof, 

25 by which C-U separation is possible, and the C-plane and 
U-plane can develop and expand independently of each 
other . 
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A radio control device according to the 
present invention is a radio control device which 
comprises user plane control means for controlling 
transfer of user data concerning a mobile terminal, and 
5 control plane control means for controlling transfer of 
signaling as a control signal, and which manages a radio 
base station, wherein the control plane control means 
comprises paging group deciding means for deciding, in 
response to an external trigger for activating a paging 

10 process, and on the basis of terminal identification 
information contained in the external trigger, paging 
group information indicating a called party group to 
which a mobile terminal specified by the terminal 
identification information belongs, and the user plane 

15 control means comprises radio channel setting 

information deciding means for deciding setting 
information for a paging radio channel generated by the 
radio base station, on the basis of the paging group 
information. 

20 A radio communication system according to the 

present invention is a radio communication system 
comprising a radio base station which terminates a 
mobile terminal via a radio channel, a radio control 
device which comprises user plane control means for 

25 controlling transfer of user data concerning the mobile 
terminal, and control plane control means for 
controlling transfer of signaling as a control signal, 
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and which manages the radio base station, and a core 
network which manages the radio control device, wherein 
the control plane control means comprises paging group 
deciding means for deciding, in response to an external 
5 trigger for activating a paging process, and on the 

basis of terminal identification information contained 
in the external trigger, paging group information 
indicating a called party group to which a mobile 
terminal specified by the terminal identification 

10 information belongs, and the user plane control means 
comprises radio channel setting information deciding 
means for deciding setting information for a paging 
radio channel generated by the radio base station, on 
the basis of the paging group information. 

15 An operation control method of a radio control 

device according to the present invention is an 
operation control method of a radio control device which 
comprises a user plane control unit for controlling 
transfer of user data concerning a mobile terminal, and 

20 a control plane control unit for controlling transfer of 
signaling as a control signal, and which manages a radio 
base station, comprising the steps of deciding, in the 
control plane control unit, paging group information 
indicating a called party group to which a mobile 

25 terminal belongs, in response to an external trigger for 
activating a paging process, and on the basis of 
terminal identification information contained in the 
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external trigger, and deciding, in the user plane 
control unit, setting information for a paging radio 
channel generated by the radio base station, on the 
basis of the paging group information. 
5 Brief Description of Drawings 

Fig. 1 is a system block diagram including a 
radio control device (RNC) to which an embodiment of the 
present invention is applied; 

Fig. 2 is a functional block diagram of a CPS 
10 shown in Fig. 1; • 

Fig. 3 is a functional block diagram of a UPS 
shown in Fig. 1; 

Fig. 4 is a sequence diagram showing the 
overall operation of the embodiment of the present 
15 invention; 

Fig. 5 is an operation flowchart of a paging 
area deciding unit; 

Fig. 6 is a view showing an example of a 
paging group decision table; 
20 Fig. 7 is an operation flowchart of a paging 

message creating unit;. 

Fig. 8 is a view showing an example of a 
paging area conversion table; 

Fig. 9 is an operation flowchart of a paging 
25 radio channel setting information deciding unit; 

Fig. 10 is a view showing the system 
architecture of a W-CDMA mobile communication system; 
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and 

Fig. 11 is a view showing a protocol 
architecture in a RAN shown in Fig. 10. 
Detailed Description of Embodiment 
5 An embodiment of the present invention will be 

described in detail below with reference to the 
accompanying drawings. Fig. 1 is a functional block 
diagram of a C-U separating structure of an RNC to which 
the embodiment of the present invention is applied, and 

10 the same reference numerals as in Fig. 11 denote the 
same constituent elements in Fig. 1. As shown in 
Fig. 1, an RNC 4 is separated into a C-plane server 
(CPS: Control Plane Server) 41 equivalent to a control 
plane control means in charge of C-plane which controls 

15 transfer of signaling, and a U-plane server (UPS: User 
Plane Server) equivalent to a user plane control means 
in charge of U-plane which controls transfer of user 
data . 

The CPS 41 has a function of generating and 
20 terminating an RRC message in an RRC 13 positioned as an 
upper layer of the UPS 42, and the UPS 42 has functions 
provided by a MAC 121 and RLC 122. RRC signaling 
between a mobile device (UE) 2 and the RNC 4 is 
performed by using the function provided by the MAC 121 
25 or the function provided by the RLC 122 in the UPS 42, 
and then transferred to the RRC 13 in the CPS 41. 

In the protocol architecture of the existing 
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RNC shown in Fig. 11, the above arrangement allows a 
physical layer (PHY) 11 indicated by LI to separate into 
a Node B (radio base station) 6, a data link layer 12 
indicated by L2 to separate into the USP 42, and a 
5 network layer 13 indicated by L3 to separate into the 

CPS 41. Note that in Fig. 1, the connection between the 
MAC 121 and RLC 122 is omitted because this connection 
is equivalent to that shown in Fig. 11. 

The RRC 13 in the CPS 41 controls the physical 

10 layer 11 in Node B and the MAC 121 and RLC 122 in the 
UPS 42 by using C-SAPs (Control Service Access Points) 
which provide control channels. Also, the CPS 41 
terminates and processes signaling between the RNC 4 and 
an MSC (Mobile Switching Center) 31 or GSN (Serving GPRS 

15 (Global Packet Radio Service) Switching Node) 32. 

The MSC 31 has a channel switching function, 
the SGSN 32 has a packet switching function, and each of 
which is included in a core network (CN) 3 shown in 
Fig. 10. User data is exchanged between the mobile 

20 device (UE) 2 and the MSC 31 or SGSN 32 via the UPS 42 
and Node B. 

A system configuration having high scalability 
can be obtained by using the device arrangement shown in 
Fig. 1 as described above. That is, it is possible to 
25 add only the CPS 41 in order to improve the signaling 
performance, and add only the UPS 42 in order to 
increase the user data transfer rate. Also, since the 
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individual functions in the UPS 42 are not related 
between the respective corresponding devices but 
controlled by the RRC 13 in the CPS 41, so these 
functions may also be implemented as independent 
5 devices. 

Fig. 2 is a functional block diagram according 
to the paging process of the CPS 41 shown in Fig. 1, and 
has six functions described below. An external trigger 
receiving unit 101 is a functional part which receives 

10 an external message for activating an operation of 

deciding information necessary for paging. A paging 
area deciding unit 102 decides a paging message 
transmission area on the basis of information related to 
a paging area if this information is contained in an 

15 external message, and decides a predetermined area as a 
paging message transmission area if the information is 
not contained. 

A paging group deciding unit 103 decides a 
paging group on the basis of the terminal number (IMSI) 

20 of a called party contained in the external message. 

The paging group indicates a group (called party group) 
of terminals which intermittently receive a specific 
paging message, and is decided by looking up a paging 
group decision table 110 on the basis of the terminal 

25 number of a called party contained in the external 
message . 

A paging message creating unit 105 has a 
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function of creating a paging message. The paging 
message means information to be transmitted to a 
terminal by using a paging radio channel (S-CCPCH) . A 
terminal which intermittently receives the paging 
5 message checks by this message whether an incoming call 
has arrived. 

A paging message format converting unit 106 
performs processes such as padding, division, and 
concatenation in order to give the paging message a bit 
10 size suited to a corresponding radio channel. 

Consequently, the paging message is processed into a 
data length suited to be transferred to the PHY layer LI 
(Fig. 1) . 

An information transmitting unit 107 transfers 
15 information necessary for paging to the UPS 42. The 

necessary information contains, e.g., the paging area, 
paging group, and paging message described above. 

A control unit 108 is a CPU (computer) , and 
controls the operations of the units 101 to 107 by 
20 reading out programs stored in a memory 109 and 

following the sequences of the readout programs. The 
memory 109 includes a working RAM of the CPU 108, in 
addition to a ROM which stores the programs. 

Fig. 3 is a functional block diagram according 
25 to the paging process of the UPS 42 shown in Fig. 1, and 
has five functions described below. An information 
receiving unit 201 has a function of receiving 
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information necessary for paging received from the CPS 
41, and receives the paging area, paging group, and 
paging message. 

A paging area converting unit 202 converts the 
5 paging area into a physical area, i.e., specifies a 
specific radio base station (or stations) from the 
paging area which designates a logical area, and 
designates a specific cell which belongs to this radio 
base station. This conversion is done by using a paging 

10 area conversion table 203. 

A paging radio channel setting information 
deciding unit 204 decides, from the paging group, a CFN 
(Connection Frame Number) which is paging radio channel 
setting information, and a paging identifier PI. In the 

15 WCDMA system as described above, a terminal which 

performs intermittent reception first receives a channel 
PICH attached to an S-CCPCH as a radio channel which 
carries a paging message. As described previously, the 
attached channel PICH contains a paging identifier PI 

20 corresponding to a paging group (called party group) 

number to which terminals belong, and a terminal which 
belongs to this group receives a PCH in a corresponding 
radio frame mapped in a radio channel S-CCPCH which 
carries a paging message next. 

25 In Node B, therefore, a radio channel 

(S-CCPCH) for carrying the paging message and a channel 
(PICH) attached to this radio channel are generated. 
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The CFN and PI (paging radio channel setting 
information) are necessary to set these paging radio 
channels, and the paging radio channel setting 
information deciding unit 204 decides the CFN and PI. 
5 The paging radio channel setting information 

deciding unit 204 also decides a radio frame number for 
transmitting a paging message, on the basis of the 
present radio frame number. This makes it possible to 
minimize the time from the generation of an external 
10 trigger to the reception of a paging message by a 
terminal - 

An information transmitting unit 205 transmits 
information necessary to transmit a paging message to 
Node B, i.e., transmits the information to Node B at a 

15 timing earlier than the radio frame number for paging 

message transmission decided by the paging radio channel 
setting information deciding unit 204. 

A controller 206 is a CPU (computer) , and 
controls the operations of the units 201 to 205 by 

20 reading out programs stored in a memory 207 and 

following the sequences of the readout programs. The 
memory 207 includes a working RAM of the CPU 206, in 
addition to a ROM which stores the programs. 

The operation of the embodiment of the present 

25 invention will be explained below. Fig. 4 is a sequence 
diagram showing an outline of the flow of the operation 
of this embodiment. Step SI indicates the reception of 
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an external trigger, and this step is processed by the 
external trigger receiving unit 101 shown in Fig. 2. In 
the WCDMA system, for example, "external" is equivalent 
to a signal which notifies an incoming call from the MSC 
5 31/SGSN 32 of the CN 3 (Fig. 1), and a paging message of 
an RANAP (Radio Access Network Application Part) 
protocol is an example. This signal sometimes contains 
a paging area in addition to a terminal identifier. 

Connecting to the Internet is also possible, 

10 and in this case INVITE reception of an SIP (Session 

Initiation Protocol) used in an IP network is included. 
In this case, user data is directly sent from the 
Internet, so the user data itself is an external 
trigger. An example of this user data is data to which 

15 an IPv6 (Internet Protocol version 6) header is 

attached, and this header has an IPv6 address of a 
terminal as a destination address. 

Step S2 indicates the decision of a paging 
area, and shows the processing of the paging area 

20 deciding unit 102 shown in Fig. 2. If in step SI 

information pertaining to a paging area is contained, a 
decision is made on the basis of this information. If 
this information is not contained, a predetermined 
paging area is selected. 

25 Fig. 5 shows the details of paging area 

decision step S2 . If an external trigger is received 
(step S201) , whether paging area information is 
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contained is checked (step S202), and a predetermined 
paging area is set if no such information is contained 
(step S204) . On the other hand, if in step S202 the 
paging area information is contained, whether the paging 
5 area information is usable between the CPS and UPS is 

checked (step S203) , and, if the paging area information 
is usable, e.g., if the information is paging area 
information contained in the RANAP paging message, this 
information is directly used as paging area information 

10 later (step S205) . If the paging area information is 
found to be unusable in step S203, the processing in 
step S204 is performed. 

Step S3 is the decision of a paging group, and 
the processing is performed by the paging group deciding 

15 unit 103. As described above, the signal received in 

step SI contains terminal numbers of called parties. On 
the basis of the terminal numbers, a paging group 
(called party group) is specified. For example, this 
step is implemented by installing the paging group 

20 decision table 110 (Fig. 2) as shown in Fig. 6 in the 
CPS. Note that for an IP packet, a terminal number is 
decided by looking up a prepared conversion table by 
using a destination address as a key. Instead of 
preparing this conversion table, it is also possible to 

25 refer to an external server having information of 
correspondence between IPv6 addresses and terminal 
numbers. A paging group can be decided from the 
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determined terminal numbers by using the paging group 
decision table 110. 

Step S4 is the creation of a paging message, 
which is the processing of the paging message creating 
5 unit 105. In the 3GPP standard, this paging message is 
equivalent to a paging type 1 message based on the RRC 
protocol, and a terminal identifier (terminal number) 
can be carried on this message. Also, unlike the RANAP 
paging message described above, a plurality of terminal 

10 identifiers can be carried on one paging type 1 message. 
If a plurality of CNs notify call reception, terminal 
identifiers corresponding to these notifications of call 
reception can be superposed. 

Fig. 7 is a flowchart showing details of this 

15 paging message creation process. A timer is activated 
to wait for an external message for a certain 
predetermined time (step S301) . A terminal identifier 
is extracted from a message externally sent during this 
time (steps S302 and S303) . Note that for an IPv6 

20 packet from the Internet, the terminal number (terminal 
identifier) obtained in the paging group decision 
process (step S3) is used. 

On the basis of the terminal identifier thus 
obtained, an RRC paging type 1 message is created. If a 

25 plurality of external messages are received, 

multiplexing is performed as described above, but, if 
some of the plurality of messages correspond to the same 
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terminal identifier, a message is created by 
multiplexing only one of these identical terminal 
identifiers with other terminal identifiers (steps S304 
and S305) . 

5 Step S5 is the format conversion of the paging 

message, which is the processing by the paging message 
formation converting unit 106. In the 3GPP standard, a 
paging type 1 message based on the RRC is processed in a 
so-called transparent manner in the RLC and MAC. 

10 Accordingly, the paging type 1 message itself does not 

undergo any format conversion in the UPS. However, when 
the message is transferred to the PHY via the RLC and 
MAC, the data length must always be constant. Since the 
UPS does not process data containing an RRC paging type 

15 1 message received from the CPS, the CPS must obtain the 
necessary data length to be transferred to the PHY. 

If, therefore, the bit length of the paging 
message is inappropriate for a paging radio channel, the 
CPS performs processes such as padding, division, and 

20 concatenation in order to obtain an appropriate length. 

Step S6 is the transmission of the message 
from the CPS to the UPS, which is the operation of the 
information transmitting unit 107. The paging area, 
paging group, and paging message decided and created in 

25 steps S2 to S5 described above are transmitted from the 
CPS to the UPS. 

The foregoing are processes (functions) 
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executed by the CPS, and processes (functions) executed 
by the UPS will be explained below. The paging area, 
paging group, and paging message from the CPS are 
received by the information receiving unit 201 (Fig. 3) 
5 of the UPS, and in step S7 the paging area is converted 
into a Node B number or cell number. This conversion 
process is performed by the paging area converting unit 
202 shown in Fig. 3. A physical area for paging message, 
transmission is specified on the basis of the paging 

10 area, and the conversion process is performed using the 
paging area conversion table 203 (Fig. 3) as shown in 
Fig. 8. For example, when the paging area is 1001, the 
paging message is transmitted to Nodes B having Node B 
Nos. 50 to 52, or to cells having cell Nos . 10 to 14. 

15 Step S8 is a paging radio channel setting 

information decision process using the paging group, 
which is the function of the paging radio channel 
setting information deciding unit 204 shown in Fig. 3. 
More specifically, the paging group is converted into 

20 information of a paging message transmission timing and 
intermittent reception timing, i.e., the logical paging 
group is converted into parameters related to a radio 
channel. For example, the WCDMA system uses parameters 
such as a radio frame number (CFN: Connection Frame 

25 Number) by which the paging message is to be 

transmitted, and a group number (paging identifier: PI) 
of a terminal to be carried on a channel (PICH) attached 
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to a radio channel (S-CCPCH) which carries the paging 
message . 

The radio frame number CFN for transmitting 
the paging message is decided on the basis of the 
5 present radio frame number obtained by synchronizing the 
UPS and Node B. This makes it possible to shorten the 
time from the reception of the external trigger by the 
CPS to the reception of the paging message by the 
terminal. 

10 As already described previously, the RRC 

paging type 1 is mapped in the S-CCPCH as a radio 
channel by the PHY layer LI (11) . Also, the PICH as an 
attached channel carries the paging identifier PI which 
is the group number of a terminal, and each terminal in 

15 a standby state checks this PICH at a certain period. 

This period is called an intermittent reception timing. 
If a terminal detects that a paging message addressed to 
it has arrived, the terminal receives the corresponding 
intra-radio-f rame PCH which is mapped in the S-CCPCH and 

20 transmitted when a predetermined time has elapsed from 
the PICH. Accordingly, the intermittent reception time 
of the terminal must be adjusted to match the 
transmission time of the S-CCPCH and PICH. It is also 
necessary to prepare information required to create the 

25 PICH. 

The UPS and Node B are connected by the Iub 
interface, and data must be exchanged in a format called 
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a Frame Protocol (FP) between them. The format of this 
FP is defined for each channel type, and the format of a 
paging channel contains a transmission timing (CFN) , a 
PI bitmap as information necessary to generate the PICH, 
5 and a paging message (RRC: paging type 1) having a 
necessary data length to be transferred to the PHY 
layer . 

The UPS creates the transmission timing and 
the information necessary to generate the PICH, and the 

10 paging group transferred from the CPS is the basis of 

these pieces of information to be created. In the 3GPP, 
parameters such as a terminal identifier IMSI, an 
intermittent reception timing, a present CFN obtained by 
synchronizing the UPS and Node B, and the number of 

15 S-CCPCHs for transmitting the paging message are defined 
as the transmission timing and the information required 
to generate the PICH. A calculation method of deducing 
the CFN and PI bitmap from these parameters is defined 
in the 3GPP, and disclosed in " 3GPP TS25. 304v3. 7. 0 

20 (Release 99)", page 29. 

Fig. 9 is a flowchart showing details of this 
paging radio channel setting information decision 
process. First, when data of the paging group is 
received (step S401) , parameters such as the IMSI, the 

25 intermittent reception interval, and the number of 

S-CCPCHs as information necessary to generate the PICH 
are obtained from this paging group (step S402) . The 
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UPS can acquire these parameters because it has a table 
indicating the relationship between the paging group and 
these parameters. 

Then, a present CFN is obtained (step S403) . 
5 A CFN and PI bitmap are decided from the parameters such 
as the IMSI and intermittent reception interval and the 
present CFN. This decision method is also the method 
defined in the reference of the 3GPP described above. 
The transmission timing of the paging radio channel 

10 setting information thus obtained is decided on the 
basis of the present CFN, so that the information is 
transmitted earlier to Node B (step S405) . That is, the 
information is transmitted to a radio base station at a 
timing earlier than the radio frame number CFN for 

15 transmitting the paging message decided in step S8. 

In step S10, the paging message is transmitted 
from the radio base station to the terminal by using the 
paging radio channels (S-CCPCH and PICH) . 

The functions of this embodiment will be 

20 described in detail below. The functions of the RNC for 
the paging process include a paging message creating 
function, a function of deciding a timing (radio frame 
number) at which a paging signal is transmitted from 
Node B, a paging identifier deciding function of 

25 generating a signal to be attached to the paging signal 
in Node B, and a paging area deciding function. 

The control plane control means is in charge 
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of the paging message creating function because the 
paging message is equivalent to a control signal. 

When the function of deciding a timing (radio 
frame number) at which a paging signal is transmitted 
5 form Node B is to be performed by the control plane 

control means, the control plane control means and Node 
B must be synchronized with each other. Also, since the 
paging message itself is transferred via the control 
plane control means —> the user plane control means — > 

10 Node B, the user plane control means and Node B must be 
synchronized with each other. Accordingly, Node B must 
be synchronized with both the control plane control 
means and user plane control means. This means that the 
signal amount for synchronization is increased by C-U 

15 separation. If the user plane control means decides the 
transmission timing, therefore, Node B need only be 
synchronized with the user plane control means, but a 
means for transmitting information for deciding the 
transmission timing from the control plane control means 

20 to the user plane control means is necessary. 

When the paging identifier deciding function 
of generating a signal to be attached to the paging 
signal in Node B is to be performed by the control plane 
control means, the paging identifier PI must be 

25 transmitted to the user plane control means in addition 
to the paging message. Since, however, the paging 
message and paging identifier PI are pieces of 
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information in different layers (the paging message is 
in the RRC, and the paging identifier PI is in the PHY) , 
it is illogical to process these pieces of information 
in the same manner. Although this problem can be 
5 prevented if the paging identifier is decided by the 
user plane control means, a means for transmitting 
information for deciding the paging identifier from the 
control plane control means to the user plane control 
means is necessary. 

10 When the paging area deciding function is to 

be performed by the user plane control means, if a 
plurality of user plane control means manage the same 
Node B, these user plane control means must be so 
adjusted that no paging signal transmission occurs a 

15 plurality of number of times, and this adjustment 
increases the signal amount between the user plane 
control means . When the decision is to be made by the 
control plane control means, setting can be performed 
such that different Nodes B do not transmit paging 

20 signals to the same user plane control means. 

From the foregoing, the following two problems 
must be solved. The first problem is which node is to 
calculate the paging timing, and the second problem is 
which node is to decide the paging area. 

25 The first problem is which of the control 

plane control means and user plane control means is to 
perform the function of calculating the paging 
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transmission timing. This function can be further 
divided into the following functions: a function of 
deciding a radio frame number for starting paging signal 
transmission, and a function of transmitting a paging 
5 signal to Node B at a timing much earlier than the 

decided radio frame number. To realize this function, 
the present radio frame number must be known. Also, a 
function of deciding information for creating a signal 
(PICH) attached to a paging signal (S-CCPCH) in Node B 

10 is necessary. The paging identifier PI is carried on 
this attached signal. The paging identifier PI 
corresponds to a plurality of UEs (IMSI) . Accordingly, 
it is necessary to determine a paging identifier PI to 
which the UE (IMSI) of the paging signal transmission 

15 destination corresponds. 

The second problem is which of the control 
plane control means and user plane control means is to 
perform the function of deciding an appropriate paging 
area. If a plurality of user plane control means manage 

20 the same Node B, these user plane control means must be 
so adjusted that no paging signal transmission occurs a 
plurality of number of times. To solve these problems, 
the control plane control means and user plane control 
means must have the following functions. 

25 Six functions necessary for paging are 

installed in the control plane control means. That is, 
(1) a function of receiving an external message which 
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activates an operation of deciding information necessary 
for paging. The external message contains information 
indicating that an incoming call has arrived at a 
specific terminal. Alternatively, the external message 
5 is user data itself to a specific terminal. 

(2) A function of deciding a paging area (the 
solution of the second problem) . The paging area is an 
area in which paging messages having the same contents 
are transmitted. If the external message contains 

10 information related to the paging area, the paging area 
is decided on the basis of this information. 

(3) A function of deciding a paging group (the 
solution of the first problem) . The paging group is a 
group of terminals which intermittently receive a 

15 specific paging message. The paging group is decided on 
the basis of a called party terminal number contained in 
the external message. 

(4) A paging message creating function. The 
paging message is information transmitted to a terminal 

20 by using a paging radio channel (S-CCPCH) . A terminal 
which performs intermittent reception checks whether 
there is an incoming call by checking this message. 

(5) A function of converting the format of the 
paging message. Padding, division, and concatenation 

25 are performed to convert the paging message into a bit 
size suited to the corresponding radio channel. This 
function is effective if the user plane control means 
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does not have it. 

(6) A function of transferring the information 
necessary for paging to the user plane control means. 
This necessary information contains the paging area, 
5 paging group, and paging message described above. 

Functions necessary for paging installed in 
the user plane control means are the following five 
functions. (1) A function of receiving the information 
necessary for paging received from the control plane 
10 control means. This function receives the paging area, 
paging group, and paging message described above. 

(2) A function of converting the paging area 
into a physical area (the solution of the second 
problem) . A specific radio base station (or stations) 

15 is specified from the paging area which designates a 
logical area, and a specific cell to which this radio 
base station belongs is designated. 

(3) A function of converting the paging group 
into paging radio channel setting information (the 

20 solution of the first problem) . This function converts 
a logical paging group into parameters related to a 
radio channel. In the WCDMA system, a terminal which 
performs intermittent reception first receives a channel 
PICH attached to an S-CCPCH as a radio channel which 

25 carries a paging message. As described previously, the 
attached channel PICH contains a paging identifier PI, 
and a terminal which belongs to this PI receives a radio 
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channel S-CCPCH which carries a paging message next. 
Node B generates a radio channel which carries a paging 
message and a channel attached to this radio channel. 
This "paging radio channel setting information" is 
5 setting information pertaining to a radio channel which 
carries a paging message and a channel attached to this 
radio channel. The setting information contains, e.g., 
a radio frame number for transmitting a paging message, 
and a terminal's paging group number to be carried on an 
10 attached channel. 

(4) A function of acquiring the present radio 
frame number (the solution of the first problem) . This 
function is necessary to decide the "paging radio 
channel transmission timing" described above. This 

15 function is also necessary to decide the timing at which 
the user plane control means transmits information 
concerning a paging message to a radio base station. 
With this function, a paging message can be sent to a 
terminal with a minimum time difference after the 

20 reception of a trigger by the control plane control 
means . 

(5) A function of transferring information 
necessary for paging to Node B. As described above, in 
the WCDMA system in which information is transferred to 

25 Node B on the basis of physical information converted 
from logical information, the following information is 
transmitted to Node B to which a specific cell belongs. 
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That is, the information contains the transmission 
timing of a radio channel related to paging, information 
necessary to check whether a paging message addressed to 
a paging group to which a terminal which performs 
5 intermittent reception belongs is transmitted, and the 
paging message. 

The above-mentioned first problem is solved by 
using the concept called a paging group between the 
control plane control means and user plane control 

10 means. The user plane control means derives the paging 
signal transmission timing and paging identifier PI from 
synchronization information between the paging group and 
Node B. This makes it unnecessary to process 
information in different layers in the same manner. 

15 Also, since radio parameters unique to the WCDMA are 

hidden by the concept called a paging group, the present 
invention is applicable to other mobile communication 
systems using paging. 

The above-mentioned second problem is solved 

20 by deciding a paging area by the control plane control 

means. This obviates the need for those signals between 
the user plane control means, which prevent identical 
paging signals from being transmitted by the same Node 
B. 

25 As described above, the CPS in charge of the 

control plane decides, in response to an external 
trigger for activating a paging process, paging group 
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information on the basis of terminal identification 
information contained in this external trigger, and 
transfers this paging group information to the UPS in 
charge of the user plane, and the UPS generates paging 
radio channel setting information on the basis of the 
paging group information, thereby achieving the 
following effects . 

That is, the paging information transferred 
between the CPS and UPS is paging group information 
which is not radio-depending (i.e., which is independent 
of any radio scheme such as the WCDMA) , and the UPS 
converts this information into radio-dependent 
information when performing paging. Therefore, the C-U 
separation of the RNC as a radio control device becomes 
possible, the C-plane and U-plane can develop without 
depending on each other, and the loads applied on the 
C-plane and U-plane can be flexibly controlled in 
situations different from each other. 
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